The number of patients admitted to hospital with major cardiovascular injuries following various types of accidents is increasing every day. In civilian practice, most injuries occur from stab wounds or gunshot wounds. The gravity of these injuries depends less upon the weapon than on the location of the point of penetration. Injury to the right ventricle is well documented, but it is extremely rare to find a case where injury to the right ventricle, leading to a prolonged period of cerebral ischaemia and producing extensive bicortical and brainstem damage, is followed by complete recovery. Such a case in a boy stabbed in the right ventricle while at school is presented.
Case report
A boy aged 15 years, who was stabbed at his school and later found collapsed, was brought to the Casualty Department at the North Middlesex Hospital. In the ambulance his respiration and heart beat became very sluggish and endotracheal tube intubation and cardiac massage were therefore given. On admission at 15:40 the boy was found to be unconscious. There was a small wound on the left side of the chest in the 5th intercostal space close to the sternal border. The boy was unconscious, with no palpable pulse, and apnoeic. Pupils were fixed and widely dilated, an ECG showed no tracing, and blood pressure was untraceable. A clinical diagnosis of perforation of the right ventricle leading to haemopericardium with severe tamponade was suspected. Resuscitation was performed and the heart started to beat at a rate of 100 per minute regular, with low volume, and the nature of the arterial pulse was suggestive of paradoxical pulsation of Kussmaul. Blood pressure of 140/80 mmlfg was recorded at this stage. Following this the patient regained slight consciousness and attempted to breathe on his own, but this was inadequate and therefore intermittent positive pressure respiration was continued.
The anteroposterior chest radiograph revealed a left-sided opacity. Various blood examinations were done while the patient was on 4 litres of oxygen and the results were as follows: Ph 7.345, PC02 5.45 kPa, P0 2 15.3 kPa, base excess -3.2, standard bicarbonate 22.4 mmol/l, Hb 11.2 gllOO ml, PCV 36.3%, sodium 142 mmol/l, potassium 3.9 mmol/l, chloride 106 mmol/l, serum .bicarbonate 15 mmol/l, total protein 57 gIl, blood urea 5.4 mmol/l, The central venous pressure was recorded at this stage and it was above 20 em of water.
At 15: 55, just 15 minutes after admission, sudden cardiac arrest occurred and again resuscitation brought spontaneous reversal to sinus rhythm with a heart rate of 130 per minute. This was maintained for 5 minutes, but a third cardiac arrest occurred at 16:00 and therefore continuous external cardiac massage was applied while transporting the patient to the operating theatre. At this stage there was no pulse, no blood pressure and pupils were dilated and fixed. The patient was considered dead by some of the doctors present, but it was decided to carry out an emergency thoracotomy which was undertaken in the anaesthetic room as the theatre was in use at the time. ('In a patient experiencing cardiac arrest after sustaining a penetrating wound, one must not hesitate to open the chest in the emergency room as a significant number of these patients can be saved.' (Hill 1900 , Beall et al. 1971 o14I-0768/80/040292-o3/S01.00/0 At 16:18 the chest was opened through a left anterior thoracotomy. The left thoracic cavity was full of clotted as well as fresh blood. The left lung was fully compressed and collapsed. A .continuous stream of blood was seen pouring from a 3 em wide perforating wound situated transversely on the anterior surface of the right ventricle. The pericardium was opened by extending the incision over the hole and removal of blood from the pericardial cavity produced immediate improvement in the cardiac condition. It was noted that at each systole there was a stream of blood from the right ventricle. Bleeding was controlled by finger compression, and a horizontal mattress suture of 2/0 Ethibond was passed under the wound and tied. Haemostasis was secured and the chest wall closed with underwater drain. The amount of blood removed from the pleural and pericardial cavities was estimated to be 4800 ml. The patient was transferred to the Intensive Care Unit and was kept on positive pressure ventilation, blood loss being replaced slowly.
Post operative period: On the second day after operation the patient was disconnected from the respirator; his breathing was quite sufficient but he was still unconscious. Pupils were dilated and gave a sluggish reaction to light. There was little response to painful stimuli. Chest X-ray showed normal heart and lungs; ECG showed widespread elevation of the SoT segment in leads I, II, VL, VF, and VI -V8 suggested pericarditis.
On the fourth day after operation the patient was extremely restless. The cardiovascular system was well settled and there were no haemodynamic problems.
At the end of the first week after operation there was no change in the patient's state of unconsciousness. There was marked decerebrate rigidity and frequent attacks of extensor muscle spasm. Neurological examination revealed that 'the picture was suggestive of decortication with partially intact brain stem'. The patient was given antispasmotic drugs along with steroid therapy.
At the end of the second postoperative week all neurological investigations revealed ex.tensive bicortical damage with a partially intact brain stem; widely-dilated pupils with pale discs and no response to visual stimuli suggested optic nerve damage bilaterially. Prognosis for recovery was considered to be extremely poor.
There was no improvement in the neurological condition at the end of the third week. Nasogastric feeding was continued and the patient was transferred from the ICU to a medical ward.
At the end of the fifth week the patient's pupils started to react to light slowly, and there was a slight improvement in other responses. The patient was getting to the state of consciousness. At the end of the sixth week, a dramatic improvement in the patient's general condition was seen. He was attempting to speak, started to move his limbs and was responding to simple commands.
At the end of the tenth week after operation, the patient started to walk with support and to tal}C slowly. He was able to do simple arithmetic, his memory was intact and he was able to dress and undress himself. On formal testing, immediate memory was good and there was minimal delay on recall. ECG showed symmetrical T-wave inversion present in LV leads with QS wave in leads V4 and V5.
Neurological examination at the end ofthe eighteenth postoperative week showed complete recovery; the boy returned to full-time study at school and maintained his original grade.
Discussion
The most dramatic injury resulting from penetration of the thorax is one involving the heart (Trinkle et al. 1974) . Rehn (1897) was the first to suture the heart successfully. An analysis of several large series describing patients with all types of penetrating cardiac wounds revealed that 62 -84% of patients die before reaching hospital and that the majority of these have suffered gunshot wounds (Mattox et al. 1974) .On the other hand, the mortality rate from stab wounds of the heart varies between nil (Hardy & Williams 1967) and 37.5% (Steichen et al. 1971) .
Of immediate mortalities, 81%are attributable to heart wounds (Snugg et al. 1968 ).Wounds of the ventricles account for 70% of cardiac injuries, the right ventricle being more commonly injured than the left, although left ventricular stabs are less likely to reach hospital. Therefore, much of the success in treatment of the penetrating heart wound is attributable to the emergency medical system. Delay in cardiac resuscitation may result in irreversible cerebral damage if circulation is not restored within three minutes (Oram 1971) . It is generally agreed that loss of consciousness occurs within a few seconds after total interruption of the cerebral circulation, as in cardiac arrest, and permanent damage is produced in about five to eight minutes (Plum 1973) . Meyer (1958) reported a case in which irreversible brain damage followed after one minute of cardiac and respiratory arrest. Bell & Hodgson (1974) , in a study of 284 patients resuscitated after cardiac arrest, found that only 19% of comatose patients lived to be discharged from hospital compared with 54% of non-comatosed individuals, and many of those surviving after initial coma showed persisting neurological defects.
In our case there were repeated cardiac arrests with a severe degree of cardiac tamponade and for 18 minutes no actual cardiac output was recorded, although external cardiac massage might have produced some cardiac output mechanically. Also the postoperative picture confirmed clinically the extensive bicortical damage due to cerebral ischaemia.
The central nervous tissue is the first to sustain irreversible biological cellular changes only 4 -6 minutes after cerebral circulation ceases. Even though the cerebral circulation may again be returned to normal, ifsuch time periods are exceeded, cellular changes of swelling, pyknosis and lysosome and nuclear degeneration occur (Jude 1972 ). Brierley et al. (1971 found neuropathological evidence of almost total neocortical death in two patients who survived for five months in coma.
In our case there was complete recovery of cerebral function in spite of extensive cerebral damage due to 18 minutes of cardiac arrest. It may be that in certain circumstances younger patients are better able to withstand the effects of a long period of cerebral ischaemia.
